Characterization of the mitochondrial carnitine palmitoyltransferase enzyme system. I. Use of inhibitors.
The effects of various inhibitors of carnitine palmitoyltransferase I were examined in mitochondria from rat liver and skeletal muscle. Three types of inhibitors were used: malonyl-CoA (reversible), tetradecylglycidyl-CoA and three of its analogues (irreversible), and 2-bromopalmitoyl-CoA (essentially irreversible when added with carnitine). Competitive binding studies between labeled and unlabeled ligands together with electrophoretic analysis of sodium dodecyl sulfate-solubilized membranes revealed that in mitochondria from both tissues all of the inhibitors interacted with a single protein. While the binding capacity for inhibitors was similar in liver and muscle (6-8 pmol/mg of mitochondrial protein) the proteins involved were of different monomeric size (Mr 94,000 and 86,000, respectively). Treatment of mitochondria with the detergent, octyl glucoside, yielded a soluble form of carnitine palmitoyltransferase and residual membranes that were devoid of enzyme activity. The solubilized enzyme displayed the same activity regardless of whether carnitine palmitoyltransferase I of the original mitochondria had first been exposed to an irreversible inhibitor or destroyed by chymotrypsin. It eluted as a single activity peak through four purification steps. The final product from both liver and muscle migrated as single band on sodium dodecyl sulfate-polyacrylamide electrophoresis with Mr of approximately 80,000. The data are consistent with the following model. The inhibitor binding protein is carnitine palmitoyltransferase I itself (as opposed to a regulatory subunit). The hepatic monomer is larger than the muscle enzyme. Each inhibitor interacts via its thioester group at the palmitoyl-CoA binding site of the enzyme but also at a second locus that is probably different for each agent and dictated by the chemical substituent on carbon 2. Disruption of the mitochondrial inner membrane by octyl glucoside causes inactivation of carnitine palmitoyltransferase I while releasing carnitine palmitoyltransferase II in active form. The latter is readily purified, is a smaller protein than carnitine palmitoyltransferase I, and has the same molecular weight in liver and muscle. It is insensitive to inhibitors where on or off the mitochondrial membrane.